1. The muscle spindle afferent conduction velocity and response to muscle twitch and stretch in young baboons has been recorded in order to find a conduction velocity that can be used to separate primary and secondary afferents.
INTRODUCTION
One of the criteria used to separate primary and secondary spindle afferents in the cat is the afferent conduction velocity (Matthews, 1964) . Afferent fibres which conduct at velocities below 72 m/sec are classified as secondary while those with a faster conduction velocity are classified as primary spindle afferents (Hunt, 1954; Cooper, 1961; Harvey & Matthews, 1961) . Because there may be some overlap in the conduction velocities and fibre diameters of primary and secondary afferents they are often classified as primary if the conduction velocity is above 80 m/sec and secondary if the conduction velocity is below 60 m/sec (Matthews, 1963; Renkin & Vallbo, 1964; Lennerstrand & Thoden, 1968) . The group of afferents with conduction velocities between 60 and 80 m/sec are either not studied (Renkin & Vallbo, 1964; Brown, Lawrence & Matthews, 1969) or placed in an intermediate group upon which judgement is reversed (Matthews, 1963) .
Previous studies of baboon primary spindle afferents have shown that the majority of these afferents conduct at velocities between 72 and 78 m/sec (Koeze, 1968) . If a conduction velocity of 80 m/sec is used as a criterion for baboon studies the majority of primary afferents will be excluded. It was necessary to obtain information about the distribution of the conduction velocity of baboon primary and secondary spindle afferents for studies concerning the effect of cortical stimulation upon spindle afferent discharge (Koeze, 1973) . A number of observations of the response of baboon soleus spindle afferents to ramp stretch and release have been made. The observations have been examined in an attempt to assess their value as a means of distinguishing between separate classes of spindle afferents. METHODS The responses of sixty spindle afferents were studied in sixteen baboons (Papio sp.) of an average weight of 5-5 kg wt (range 3 7-7-5 kg wt.). Anaesthesia was induced and maintained as described previously (Koeze, Phillips & Sheridan, 1968) except that halothane (Fluothane, ICI) was used instead of chloroform. The obturator, femoral, common peroneal nerves and the nerves to the hamstrings were cut. All the branches of the tibial nerve were cut except the fibres to the soleus and to the lateral and medial gastrocnemius muscle when spindle afferents from these muscles were studied.
The longest physiological length of the muscle with the foot fully flexed at the ankle was measured in 8itu. The animal was placed in a rigid animal frame with fixation at the iliac crest and ischial tuberosities. The right leg was firmly secured to the frame by drills through the upper and lower ends of the tibia and fibula. The calcaneus with its intact tendinous insertions was removed from the foot and attached by a chain to the strain gauge myograph on the end of the muscle stretcher.
In those experiments in which only the spindle afferents from the soleus were studied, the tendons of the medial and lateral gastrocnemii were removed from their insertions to the calcaneus and freed from the soleus tendon for several centimetres. The muscle stretcher was positioned so that a 10 mm stretch elongated the muscle to its maximum physiological length. This length from which the stretch began was called the initial length. At this length the chain was never slack and the resting tension was usually 25-75 g wt. A laminectomy exposed the lumbar cord and the spinal roots from L I through S 2. The ventral roots were cut on the right side from L 2 through S 2. Muscle afferents were isolated from the dorsal roots in the usual manner. The best results were obtained when the dorsal roots were bathed with an artificial c.s.f. containing Na+ 155 m-equivfl., K+ 3 m-equivfl., Mg2+ 1 9 m-equiv/l. and Ca2+ 2-2 m-equiv/l. The
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T. H. KOEZE solution was buffered with NaH2PO4.H20 and NaHCO3, and bubbled with 95% 02-5% C02 gas mixture. The pH was 7-35 and the osmolality 300 m-osmolefl. A sample of baboon c.s.f. was analysed and found to contain Na+ 157 m-equiv/l., K+ 3 m-equiv/l., Mg2+ 2-3 m-equiv/l., Ca2+ 2-66 m-equivfl., protein 68 mg % and osmolality 321 m-osmole/l. The rectal temperature was maintained at 370 C with heating pads. The temperature of the paraffin pool covering the spinal roots was usually 3-4' C lower than the rectal temperature. The blood pressure and expired C02 were continuously measured throughout the experiment. The animals received I.M. injections of 1-2 million units of benzathine pencillin G and 1 million units of K+ penicillin G and intravenous fluids to maintain hydration.
Recording&. Muscle spindle afferents were identified in the usual manner (Matthews, 1933) . The action potentials were recorded with a voltage follower, amplified and displayed on an oscilloscope. All measurements of conduction time were made with a threshold stimulus although records were also made with a 10 x threshold stimulus to make certain that there was only one active afferent in the dorsal root filament. Frequency measurements were made using a transistorized version (Kay, 1965) of the device described by P. B. C. Matthews (1963) .
The spindle response to constant velocity extension ramps and to triangular shaped ramps was recorded on 70 mm paper moving at 5 cm/sec. In addition frequencyextension plots were made using a storage oscilloscope. The frequency meter display was recorded on the ordinate and extension on the abscissa for these plots.
Application of muscle stretch. A specially constructed function generator produced voltage ramps and triangles. This device was connected to a Moog 'servocontroller'. The 'servocontroller' was an operational amplifier which controlled a series of power transistors. These transistors provided the current to operate a small servo valve, which controlled the flow of hydraulic fluid to a 1 in. diameter hydraulic cylinder. The strain gauge myograph was attached to the end of the connecting rod from the piston in the cylinder. Feed-back to the operational amplifier was supplied by a linear position transducer connected in parallel with the hydraulic cylinder. The output of the position transducer was also displayed on a digital voltmeter so that the length of the stretch could easily be checked. The fastest velocity ramp stretch that could be obtained with this system was 60 mm/sec. The gain on the 'servocontroller' was adjusted so that a 30 mm/sec stretch was critically damped. At this gain the 60 mm/ see stretches were very slightly underdamped and the slower stretches were very slightly overdamped. The creep in the stretcher was less than 0-04 mm in the first 3 sec of stretch. As the stretcher was operated at a pressure of 1200 Lb/sq. in. the compliance was negligible. The compliance of the strain gauge was 5-08 x 10-mm/ g wt. Some vibration from the hydraulic pump was transmitted to the stretcher. This was damped by the 6-8 cm of fine chain used to connect the muscle tendon to the strain gauge and vibration was not perceptible to touch on the tendon. There was no perceptible change in afferent discharge to visual inspection when the stretcher was turned on and off.
RESULTS
Conduction velocity of isolated afferents. Sixty spindle afferents were isolated. Of these four were identified only as belonging to the gastroenemius-soleus muscle group, one was from the lateral gastrocnemius, one was from the medial gastrocnemius and the remainder (fifty-four) were from the soleus. The afferents from the lateral and medial gastrocnemius 299 300 T. H. KOEZE were isolated early in the study and are included with the soles afferents because no apparent difference could be found in either the behaviour or conduction velocities of the afferents from these different muscles. Conduction velocity (m/sec) Fig. 1 . Histogram of the conduction velocities of the isolated afferents.
The results shown here cannot be used to assess the relative frequency of rapidly and slowly conducted afferents because many rapidly conducting afferents were discarded while searching for intermediate and slowly conducting afferents.
A histogram of the conduction velocities of the isolated, identified spindle afferents is shown in Fig. 1 . The data from this histogram can be divided into at least two groups of afferents with conduction velocities between 30 and 47 m/sec (forty-one afferents) and 66-84 m/sec (thirteen afferents). There is a small group of six afferents with intermediate conduction velocities between 48 and 65 m/sec which can be part of the two groups, but could possibly be an intermediate, third group. The smaller absolute number of rapidly conducting afferents is the result of searching for slowly conducting fibres as one purpose of this study was to characterize the conduction velocity and behaviour of the secondary spindle response in the baboon.
The distribution of the rapidly conducting spindle afferents closely resembles that of a much larger group of rapidly conducting tibialis anticus afferents previously reported (Koeze, 1968) . It seems likely that the BABOON MUSCLE SPINDLE AFFERENTS group reported here, though small, reasonably reflects the distribution of the rapidly conducting afferents.
Response of spindle afferents to muscle twitch. The response of the spindle afferents to muscle twitch and stretch was examined. The afferents were separated into three provisional groups on the basis of the conduction velocity histogram (Fig. 1) ; slow conduction velocity (30-47 m/sec), intermediate conduction velocity (48-65 m/sec) and rapid conduction velocity (66-84 m/sec). All the spindle afferents paused during the muscle twitch at the peak of the tension curve elicited by a just suprathreshold nerve stimulus (Fig. 2 ). The response of the afferents during the rising phase of tension and during relaxation of the tension was quite varied. There was, however, no systematic difference between the three groups of afferents in the response to a muscle twitch at the initial length. A similar proportion of all three groups fired less than three impulses during twitch relaxation. Similarly, some afferents from all groups fired short bursts of impulses during twitch relaxation ( Fig. 2A and C). Some rapidly conducting afferents fired as many as four impulses during the rising phase of twitch contraction ( Fig. 2B ) whereas slowly conducting afferents rarely showed more than two such discharges. The afferent response to twitch at different muscle lengths did show some consistent differences. When the response of the slowly conducting afferents to muscle twitch was tested at increased increments of muscle length the response usually increased in frequency of discharge during relaxation in a regular way ( Fig. 2 G, H and I). When the same procedure was used to examine the rapidly conducting afferents the response was often altered in a complex way (Fig. 2D, E and F) . Impulses which were present during contraction at the initial length dropped out and the frequency of the discharge during relaxation was increased when the muscle twitch was elicited at the maximum physiological length. Response of spindle afferents to muscle stretch. The response of the three groups of spindle afferents to a 10 mm ramp muscle stretch of 1, 10, 30 and 60 mm/sec was examined. A number of afferents in the slow group were studied with a 5 mm/sec ramp stretch.
In all cases the stretch began at 10 mm less than the maximum physiological length. Most of the afferents did not discharge at this length. The discharge usually began after 2-3 mm of stretch. A few afferents did not begin to discharge until 5-6 mm of stretch had been applied. When this happened, especially with the fastest 60 mm/sec stretch the measurement of the peak frequency showed large variations. These responses were not used in the results given below. If the muscle was lengthened until these units gave a resting discharge or discharged during the first millimetre of stretch, then the response often showed the overstretch phenomenon previously described (Koeze, 1968) .
Two serious difficulties were occasionally encountered which made it difficult to assess the spindle response to stretch. The first was that mentioned above, the failure of the spindle afferent to respond until 5-6 mm of stretch had been applied to the muscle. This might have been due to the intrafusal fibres becoming very slack because there was no efferent input for several hours. This failure to respond, however, was seen much more frequently with rapidly conducting afferents than with the slowly conducting afferents. This suggests that the decreased sensitivity may have been due to a lowering of the temperature in the de-efferented dependent limb (Eldred, Lindsley & Buchwald, 1960; Poppele & Bowman, 1970) .
The second difficulty was more serious. Occasionally at the end of a long experiment the primary afferent response during tonic stretch would adapt completely in 2-3 sec. The most likely explanation for this was peripheral circulatory collapse (Granit & Homma, 1959) although the arterial blood pressure recorded in the aorta with a femoral catheter did not indicate a low systemic blood pressure. When this effect was found the afferent was discarded and the experiment ended.
The peak frequency, the frequency of discharge just before the end of phasic stretch; the static frequency, the frequency 0'5 sec after the end of phasic stretch and the number of afferent discharges during the phasic 302 T. H. KOEZE: BABOON MUSCLE SPINDLE AFFERENTS portion ofa 30 mm/sec stretch were measured. None ofthese could be correlated in a statistically significant way (P > 0.05) (all probabilities are one tailed) with the grouping of the conduction velocities into slow, intermediate and rapid conducting afferents. This was hardly surprising since all of these measurements will be determined in part by the length of the muscle when the stretch begins and this must vary somewhat from animal to animal.
The dynamic index (Crowe & Matthews, 1964) was calculated by subtracting the static frequency from the peak frequency. The average dynamic index was calculated from at least three trials except for the very slow stretches of 1 mm/sec for which only one or two trials were used. The Mann Whitney U test and the Kruskal-Wallis one way analysis of variance (Siegel, 1956) were used to test the correlation of the dynamic index with the three groups of afferents. For each stretch velocity there was a statistically significant difference between the dynamic indices of the rapidly and slowly conducting groups of afferents (P < 0.001). The dynamic indices of the intermediate group were significantly different from those of the rapidly conducting group (0 01 > P > 0 001), but not from the dynamic indices of the slowly conducting group (P > 0.05). Fig. 3 illustrates the dynamic index plotted as a function of conduction velocity for the four stretch velocities used. Statistically significant regression lines (P < 0.05) could be calculated only for the slowly conducting afferents. These lines suggested that for this group the dynamic index increased with the conduction velocity. The slope of these lines was distorted by two afferents within the slowly conducting group which had very high dynamic indices to muscle stretch. One of these (conduction velocity 43 m/sec) responded to muscle stretch in every way identical to the afferents of the rapidly conducting group of fibres. The other afferent (conduction velocity 44 m/sec) closely resembled the atypical afferents seen by others (Matthews, 1963; Koeze, 1968 ). If these units were dropped the regression lines would become more significant and the slope would be decreased.
There was a tendency for the dynamic index to increase with increasing conduction velocity; however, there was no distinct dynamic index value which could be used to separate with certainty one group from any other group.
For each group of afferents the dynamic index increased with increasing stretch velocity (Matthews, 1963; Koeze, 1968 ). The dynamic index as a function of stretch velocity is shown in Fig. 4 for the rapidly and slowly conducting groups. The slope for the rapidly conducting afferents was greater than the slope for the slowly conducting group. This Figure closely Conduction velocity (mlsec) Fig. 3 . Dynamic. index as a function of conduction velocity for stretches of different velocities. The two responses marked 0 were so designated because they seemed well outside the normal distribution. They were, however, used in the statistical calculation. Statistically significant regression lines (dashed) could be drawn only for the slowly conducting groups for stretch velocities of 10, 30 and 60 mm/sec. A, r = 0 45, t = 2.9, P < 001; B, r = 0-37, t = 2415, 0-05 > P > 0 02; C, r = 0-308, t = 2-0, 0*05 > P > 0-02.
values that were in the intermediate range were just outside the standard deviation for the slowly conducting group, shown in Fig. 4 . This might suggest that a conduction velocity of 60 m/sec could be used to separate the rapidly and slowly conducting afferents. If, however, the rapidly conducting group is examined, one fibre (c.v. 66 m/sec) is well within the standard deviation of the slow group. Likewise in the slowly conducting group there was one fibre (c.v. 46 m/sec) whose dynamic index . .
x 0 I I BABOON MUSCLE SPINDLE AFFERENTS was just within the standard deviation for the rapidly conducting group for the 30 and 60 mm/sec stretch velocity.
The pattern of the afferent discharge from the end of phasic stretch through the first 0 5 sec of the tonic stretch of each afferent group was examined. The afferents in the rapidly conducting group usually showed a pronounced pause in afferent discharge. For eight of the twelve afferents in this group the interval between the last discharge during phasic stretch Stretch velocity (mm/sec) Fig. 4 . Mean dynamic index as a function of stretch velocity for rapidly conducting afferents, *, and slowly conducting afferents, 0. Vertical bars show the S.D. The two afferents whose dynamic index is marked ® in Fig. 3 have been dropped from the slowly conducting group for the calculation of the mean and S.D. and the first discharge of the tonic stretch period was greater than the subsequent interspike intervals of the afferent discharge during tonic stretch (Fig. 5A) (Matthews, 1933; Jansen & Matthews, 1962) . The remaining afferents discharged a few action potentials during the transition from phasic to tonic stretch as illustrated in Fig. 5B . The slow conduction group of afferent usually discharged during the transition period as shown in Fig. 5 C. There was no pause and the afferent 305 306 T. H. KOEZE firing decreased towards the new static level. However, there were exceptions, some afferents in this group showed a pattern like that of Fig. 5B . The afferent designated by ® in Fig. 3 (c.v. 43 m/sec) had a large dynamic index and showed a marked pause at the end of phasic stretch. The majority of the intermediate conduction velocity group did not pause at the end of phasic stretch. The most rapidly conducting afferent in the group (c.v. 63 m/sec), however, showed a pattern like that of Fig.   5A , which was typical of the rapidly conducting group.
The two different patterns of adaptation made a comparison of the amount of adaptation during tonic stretch very difficult because it was uncertain where to begin the measurement of slow adaptation for the slowly conducting group. For those afferents of the rapidly conducting group which paused, 40-50 % of the adaptation occurred within the first 0.5 sec of tonic stretch. By 1 0 sec the adaptation was 50-75 % completed when the total duration of the tonic stretch was 5*0 sec. Muscle spindle afferent discharge during the release of stretch is known to be a feature of slowly conducting afferents (Cooper, 1959) . A detailed investigation revealed that whether or not an afferent discharge occurred during stretch release depended upon so many variables that it was difficult to classify afferents on this basis. AI.
C
...' 0 5 sec Fig. 6 . The effect of duration of tonic stretch on the afferent discharge during the release of stretch. Afferent conduction velocity 46 m/sec. 30 mm/sec ramp stretch, 10 mm displacement, 2 mm/sec release velocity. Tonic stretch duration 0 3 sec A, 0-6 sec, B, and 1-6 sec, C. Calibration: vertical bar, top trace A, 150 impulses/sec; vertical bar, second trace A, 250 g wt.; vertical bar, third trace A, 5 cm.
Among the variables found in this study were the velocity of the release, the amplitude of the stretch, the position of muscle length chosen as the initial length from which the stretches began and the duration of the tonic stretch that precedes the release. Since all these factors interact, it was difficult to compare the results from animal to animal for the different conduction velocity groups.
As the velocity of stretch release was decreased the more likely it became that a given afferent would discharge during release. For most of the slowly conducting group the discharge during release appeared at release velocities less than 10 mm/sec. For most of the rapidly conducting afferents a release velocity of 2-3 mm/sec or less was required.
The amplitude of stretch from which the release began determined how many impulses fired during the release. For example, a slowly conducting afferent (c.v. 32 m/sec) discharged 4 impulses during a 3 mm/sec release from a stretch of 5 mm and 23 impulses for an identical release velocity from a stretch of 10 mm. The interaction of stretch release velocity and stretch amplitude from which release began was not studied for different stretch velocities.
The afferent discharge during-release of stretch was also found to be dependent upon the duration of the preceding tonic stretch. This is illustrated in Fig. 6 . After a short duration tonic stretch of 0 3 sec the spindle afferent discharged 23 impulses during a release of 2 mm/sec (Fig. 6A) . Longer tonic stretches of 0-6 sec and 1-6 see resulted in a discharge of 16 and 7 impulses ( Fig. 6B and C) .
The variables listed above make it difficult to compare the afferent response during release of afferents in different animals in any systematic way. In any one animal for any given set of variables chosen it seemed that the slowly conducting group of spindle afferents discharged more impulses during release of stretch than did the rapidly conducting afferents.
The effects of adaptation and duration of tonic stretch can, in part, be overcome by reducing the duration of tonic stretch to zero. This was done by using triangular stretches (Lennerstrand & Thoden, 1968 ). Frequencyextension curves of the response to a triangular shaped stretch and release of thirty-four spindle afferents were examined. The shape of these curves varied, but the usual slope for the frequency-extension plot was a steep initial slope which diminished as the stretch progressed (Fig. 7) . There was no consistent difference in the shape of these curves between the rapidly or slowly conducting afferents. Fig. 7 illustrates typical frequency-extension curves of the response of a rapidly and slowly conducting afferent. The stretch and release velocity was 10 mm/sec. Both afferents discharged during release of stretch, but the slowly conducting afferent discharged many more impulses than the rapidly conducting afferents. If the duration of tonic stretch was at least 0-5 sec, the fastest velocity of release which would still allow rapidly conducting afferents to fire was 5 mm /sec. The secondary spindle afferent discharge has been shown to be more regular than the primary afferent discharge (Eldred & Tokizane, 1955; Pascoe, 1965; Matthews & Stein, 1968 , 1969a Poppele & Bowman, 1970) . Examination of the afferent discharge pattern during slow ramp stretch showed that the difference in regularity was pronounced during the terminal one third of phasic stretch. This is illustrated in Fig. 7 for a rapidly and slowly conducting afferent in the same muscle. The responses illustrated were typical of many of the afferents examined; however, facilities for accurately measuring interspike intervals were not available and this criterion for separating primary afferents was not pursued.
The slope of the frequency-extension relationship during tonic stretch 308 T. H. KfOEZE BABOON MUSCLE SPINDLE AFFERENTS 309 at different lengths has been shown not to differ greatly for rapidly and slowly conducting afferents of the cat (Harvey & Matthews, 1961) . This relationship was examined for thirty-one afferents by recording frequencyextension plots with the storage oscilloscope. A 30 mm/sec 'staircase' ramp was used. The length was increased in 1 mm steps until a final length of 10 mm was reached. The duration of tonic stretch was about 1 sec. Fig. 8 illustrates the frequency-extension plot for a rapidly conducting (Fig. 8A ) and a slowly conducting afferent (Fig. 8B ). The dynamic response to phasic stretch is largely missing from these plots because of the gain used. Although the two afferents illustrated had relatively linear frequency-extension plots this was not the case for many of the afferents studied. There was a great variation in the shape of the curve and most were far from linear. This made it difficult to compare by statistical methods the slope of the frequency-extension relationship between rapidly and slowly conducting afferents. By inspection there was no pattern that 310 T. H. KOEZE tended to predominate in either group, and the slopes appeared to be similar.
The effect on primary afferents of stretching beyond the physiological maximum length of the muscle has been previously examined (Koeze, 1968) . It was shown that the peak frequency of discharge during ramp I-. .n E h% ake U C Length (cm) Fig. 8 . Frequency-extension plot of the response during tonic stretch at 1 mm intervals up to 10 mm extension. Release of stretch was 5 mm/sec. Vertical bars, 25 impulses/sec; Horizontal bar 4 mm extension. A, rapidly conducting afferent (71 m/sec); B, slowly conducting afferent (31 m/sec). BABOON MUSCLE SPINDLE AFFERENTS stretches which extended beyond the maximum physiological length became saturated and if the extension was too great, the slope decreased. The effects of overstretching on slowly conducting afferents were not examined.
The response of eleven rapidly and slowly conducting afferents to a ramp stretch of 5 mm/sec, 10 mm extension and 1 mm/sec release at the initial length was recorded. The initial length was then increased by 1 mm and the response to the same stretch was recorded again. This was repeated until 4 or 5 mm had been added to the initial length. The responses were super- Fig. 9 . The frequency-extension relationship of the response of a rapidly conducting (76 m/sec, A) and a slowly conducting (32 m/sec, B) afferent to a succession of 5 mm/sec ramp stretches, 10 mm displacement and I mm/see release velocity. A re-cord is made of the frequency and extension response to the stretch when the stretch begins at the initial length. One mm is then added to the initial length and the stretch is repeated. Zero frequency and length are at the lower left corner-Vertical bars, frequency calibration, 50 impulses/sec for A, 25 impulses/see for B. Horizontal bars; length 4 cm. See text for further details. imposed to give composite frequency-extension curves. Typical results of this procedure recorded from a rapidly and slowly conducting afferent are illustrated in Fig. 9 .
The addition of 5 mm to the initial length resulted in a stretch that extended 5 mm beyond the maximum physiological length of the muscle. The four rapidly conducting afferents studied in this way all showed similar effects to overstretch. Fig. 9A shows the frequency-extension curve shifted to the left by each 1 mm added to the initial length. The curve furthest to the right, marked by the arrow pointing upwards, was the response to phasic stretch from the initial length. The arrow to the left, pointing downwards, marks the response to phasic stretch from the initial length + 5 mm. The curves show the progressive saturation of the response as the stretch increased beyond the maximum physiological length. The afferent did not discharge during the release of stretch. Fig. 9B shows that the frequency-extension curves of the slowly conducting afferents were also shifted to the left by increasing the initial length. The arrow to the left marks the frequency-extension curve of the afferent response when the stretch began at the initial length. The arrow to the right marks the curve during the release of stretch. The slope of these curves was altered in a complex way by the addition to the initial length. The slope of the portion of the curve at the beginning of the stretch was relatively unaffected by adding as much as 4 mm to the initial length. The slope of the frequency-extension curve during the latter half of the stretch was decreased. The slope of the frequency-extension relationship during the release of stretch was slightly increased by overstretching.
DISCUSSION
This study of baboon muscle spindle afferents was undertaken to establish conduction velocity criteria for separating the slowly conducting, secondary, afferents from the rapidly conducting, primary, afferents. This was necessary because the conduction velocity criteria used to classify cat spindles cannot be applied to the young (4-7 kg wt.) baboons which are often used in primate neurophysiological studies.
The conduction velocity histogram of the isolated afferents (Fig. 1 ) showed a bimodal distribution with an obvious overlap. This distribution raised not only the question of the value of the demarcating conduction velocity for each group but also the possibility that there were three classes of afferents; slow, intermediate and rapid conducting.
Extensive investigation has given a general description of the behaviour of primary and secondary spindle afferent response to muscle twitch and stretch. Cat secondary afferents have a slower conduction velocity than 312
T. H. KOEZE BABOON MUSCLE SPINDLE AFFERENTS primary afferents (Hunt, 1954) . They do not usually fire during muscle twitch contraction nor do they fire a burst of impulses during twitch relaxation as do some primary afferents (Cooper, 1961) . The secondary receptors have a higher threshold to muscle stretch (Hunt, 1954; Cooper, 1961; Matthews, 1963; Renkin & Vallbo, 1964; but see Fehr, 1962 for the opposite view) and they respond primarily to extension of the muscle with a negligible velocity sensitive component (Cooper, 1961; Matthews, 1963) . The secondary afferent response to phasic stretch does not show the 'initial burst' that is typical of the primary afferent response (Cooper, 1961; Bessou & Laporte, 1962) . The response of the primary afferent is temperature dependent (Poppele & Bowman, 1970) . At the end of the phasic stretch the primary afferent response often pauses with a duration that is longer than the interspike interval of the discharge during tonic stretch (Matthews, 1933; Jansen & Matthews, 1962) . This pause is not seen in the secondary response (Bessou & Laporte, 1962) . The secondary afferent discharge during tonic stretch is more regular than the primary afferent discharge (Eldred & Tokizane, 1955; Cooper, 1961; Matthews & Stein, 1969b) . During the release of stretch the secondary afferent often continues to discharge for a short period; the primary afferent ceases to discharge almost at the instant of release (Cooper, 1961) . The slope of the plot of dynamic index against stretch velocity is less for secondary afferent (Matthews, 1963) .
It is probable that no characteristic listed above is unique in the sense that it alone, either by its presence or magnitude, completely defines a class of spindle afferents that corresponds to the primary and secondary classification as it is usually understood.
There have been very few cat spindle studies designed to examine the validity of the 72 m/sec conduction velocity criterion for the separation of primary and secondary afferents. Bianconi & van der Muelen (1963) found that dividing the cat spindle afferents into groups on the basis of a 70 m/ sec conduction velocity did not produce two homogeneous groups with respect to vibration sensitivity. Those spindle afferents with conduction velocities below 70 m/sec (putative secondaries) which were sensitive to vibration were believed to differ from secondaries that did not respond to vibration by their anatomical location on the intrafusal fibre. Matthews (1963) found some cat spindle afferents with intermediate conduction velocities that were not easily classified as either primary or secondary afferents by the criterion of their response to muscle stretch. He stresses that in view of the histological distinctiveness of primary and secondary endings it was best to emphasize the functional distinctiveness of most primary and secondary afferents. The traditional histological distinctiveness of the two endings has undergone some revision. The original division of endings into annulo-spiral and flower spray (Ruffini, 1898) has been questioned by Barker & Ip (1960) . In the cat they found the majority of secondary endings consisted of spirals and suggested that the designation of annulo-spiral and flower spray for primary and secondary endings be dropped. Poppele & Bowman (1970) examined the carrier rate, phase locking and the response to sinusoidal and step stretches of spindle afferents. They were able to classify primary and secondary afferents into two distinct groups with no intermediate responses except for three putative primaries which behaved as secondaries in respect of certain features of their response to muscle stretch which were dependent on the carrier rate. However, the number of afferents studied in which conduction velocities were measured was small.
The afferents in this study were divided into three groups on the basis of the conduction velocity histogram to test the possibility that there was a class of intermediate spindle afferents with unique intermediate characteristics. A number of the characteristics of the spindle afferent response to muscle stretch and twitch were examined for each of these groups. With one possible exception these showed a continuum of values or patterns of response between rapidly and slowly conducting afferents. The single exception was the plot of the relationship between dynamic index and stretch velocity for the rapidly and slowly conducting afferents (Fig. 4) . The dynamic index-stretch velocity plot of each of the intermediate afferents fell within the standard deviation of either the rapidly or slowly conducting group. This finding is of questionable value because the separation between the standard deviations was small. Only six intermediately conducting velocity afferents were isolated despite a conscious prejudice in several experiments to search for them. If such a group exists it would consist on this basis of less than 10 % of the total number of spindle afferents.
These results make the case for an intermediate class of spindle afferents in the baboon difficult to support. When those features of the spindle afferent response to stretch that were suitable for statistical analysis were compared, the intermediate group as a whole was statistically part of the slowly conducting group. There was certainly no unique feature apart from conduction velocity that would identify an intermediate group. It seemed preferable, therefore, to consider the afferents with intermediate conduction velocities as belonging to a region of overlap between two more or less normally distributed primary and secondary populations. As there was a region of overlap it was impossible to state a single conduction velocity value to separate the two groups. If, however, afferents with a conduction velocity below 50 m/sec are classified as secondary afferents 314 BABOON MUSCLE SPINDLE AFFERENTS and those with a conduction velocity above 68 m/sec are classified as primary afferents then it is unlikely that any isolated afferent will be incorrectly classified.
This assertion must be qualified because ofthe afferent with a conduction velocity of 43 m/sec that bad a response to stretch in every way typical of a primary response. It was not possible to decide if there was an error in estimating the conduction velocity or if this afferent was a slowly conducting afferent with a primary response.
Stretching a muscle beyond its maximum physiological length results in a saturation of the primary afferent response (Koeze, 1968) . Similar effects were shown by Ottoson & Husmark (1970) for isolated frog muscle spindles.
When soleus spindle afferents were overstretched, the primary afferent peak frequency reached a plateau and did not increase with additional increments of extension. The frequency at which the response saturates, however, is not as great as the frequency which the primary receptor is capable of responding when stretch is applied during fusimotor stimulation. This saturation was found for both the peak frequency and the frequency during tonic stretch (Fig. 9A, B) . The secondary afferent showed considerably less saturation of both peak frequency and the frequency during tonic stretch.
This result can be anticipated from the different location of the primary and secondary receptive area with respect to the intrafusal muscle fibres. The nuclear bag region will be distorted to a certain point during stretch in the absence of fusimotor stimulation. At this point the the stress may be sufficient to begin to pull apart the actin and myosin intrafusal filaments. As these filaments slip they will take up the increasing stress from the muscle extension and the nuclear bag region will not be further distorted. This would cause a saturation of both the peak frequency and the response during tonic stretch. Additional distortion of the nuclear bag region would become possible if fusimotor stimulation increased either the stiffness or the viscosity of the polar parts of the intrafusal fibre. The secondary afferents are usually confined to the juxta-equatorial region of the nuclear chain fibre. As this region lies over the slipping intrafusal fibres it will continue to be distorted by the increasing stresses of the muscle overstretch. As a result the secondary afferents would show less tendency to saturate.
